In the following Supplementary Information we discuss in more detail the dependence of the antenna properties on the geometrical parameters of the structure.
Focusing on a single raw or column of Figure S1 instead, one can appreciate the sensitivity of the antenna response to the total distance D = d 1 + d 2 between reflector and director. In particular we calculate the radiated power integrated over the azimuthal coordinate and report it in Figure S2 as a function of θ.
Directional emission occurs already for a total thickness of 180 nm (blue solid curve), but with suppression of the total radiated power (P rad ), represented by the area underlying the curve. Both directivity and P rad increase until the total thickness amounts to 200 nm (red solid curve). Even 10-nm-higher values give rise to lobes in the emission pattern, while P rad remains constant (e.g., purple solid curve).
Interestingly, the beaming effect is recovered for a total thickness of 460 nm and approximately every λ/2n from the first optimal condition corresponding to D = 200 nm (see Figure S3 ). In particular we observe that the directivity improves with increasing antenna length. P rad however is not conserved. This is due to a small variation in the local density of states and to the onset of guided modes in the spacer layer. Although the coupling to surface plasmon polaritons decreases, when the dipole distance from the metal layers increases, overall the radiation efficiency η = P rad /P tot , becomes smaller for larger values of D. In practice, the antenna structure behaves as a metal-insulator-metal waveguide with the number of guided modes increasing with D. These contribute to the total emitted power P tot and not to P rad , as it can be observed in the wavevector distribution of the power density in Figure S4 . For thicknesses higher than about 1.5 µm, the condition for constructive interference on the dipole position becomes more critical and the peaks at higher angles (already visible in Figure S3 ) start to dominate. 
Director thickness
The antenna director is a weakly reflective element, which configures the structure as a broadband device.
In the proposed cost-effective design the director is made out of gold. The optimal gold thickness is the result of a compromise, which takes into account losses due to absorption in the metal, the desired broad wavelength response and the amplitude of the reflected field at the interface. In Figure S5 , we report calculations for different antenna thicknesses presented above, both yielding a beaming effect. We observe that reasonable values for the thickness of a gold director should be between 10 and 30 nm. Outside this range either the directivity or the radiation efficiency are reduced.
Intensity distribution inside double-mirror antenna
In order to analyze the cavity role in the beaming antenna configuration, we performed finite-elementdomain (FED) simulations 1 . The mesh resolution was set to have a high resolution around the source (horizontal electric dipole) and around the two gold mirror elements. The simulation domain is (3.00 x 3.00 x 3.12) µm 3 . Perfect matched layer conditions were assumed in all calculations. 
Power density
The power densities corresponding to P tot and P rad can be plotted as a function of the parallel wavevector k // instead of the polar angle to illustrate the role of evanescent waves in determining P tot and the coupling to guided modes and/or lossy waves 2 . In Figure S7 we analyze the excitation of surface plasmon polaritons when the dipole distance from reflector and director varies, for the antenna configuration of Figure 4c of the manuscript.
When the dipole is closer to the reflector (d 1 = 10 nm), the power density for P tot exhibits a peak for k // /k 0 slightly above 1.5, which corresponds to a surface plasmon polariton mode at a gold-glass interface. k 0 is the wavevector in vacuo. When the distance increases, the peak decreases while a second peak appears near k // /k 0 = 2. The latter corresponds to the lower surface plasmon polariton mode at a thin gold film in glass, which exhibits a larger wavevector due to mode hybridization 3 .
When the dipole gets closer to a gold layer, the power density shows a broad distribution for large wavevectors, which is the typical fingerprint of lossy waves 1 . On the other hand, when the distance between reflector and director increases, the coupling to surface plasmon polaritons and to lossy waves decreases, but the onset of guided modes in the metal-insulator-waveguide increases the contribution of trapped modes to P tot , hence decreasing the overall efficiency of the antenna (not shown).
The power density associated with P rad is zero for evanescent partial waves, as these do not contribute to the radiated power in the upper medium. For propagating partial waves (i.e., for k // < 1.5 k 0 ), the power densities for P rad and P tot follow the same beaming profile but they are slightly different to account for absorption in the metal layers.
The integrated power densities, i.e. P rad and P tot , are displayed in Figure 4c of the manuscript as a function of d 1 . The densities are normalised such that the integrated powers are relative to emission in a homogeneous medium with refractive index n = 1.5. The radiation efficiency η = P rad /P tot is more than 70%
for d 1 = 60-100 nm and decreases to 10% when the dipole is 10 nm from one of the gold layers. We did not systematically investigate the dependence of η on the antenna parameters. Power density 
Back focal plane imaging
In order to measure the radiation pattern of single molecules using the back-focal-plane (BFP) imaging technique, we chose a high-NA plan apochromat 100x objective to well reproduce the apodization function up to large angles and to image the emission pattern over a broad spectral range. The high magnification reduces the dimensions of the BFP image on the EM-CCD camera, which is useful for imaging the weak signal of a single molecule. Moreover, we used a single lens BFP imaging system, which makes the setup less sensitive to positioning errors in the optical elements. These aspects are thoroughly explained in Ref. 4 .
In addition, we have been able to perform a rough calibration of the response function for our objective (ZEISS Plan-APOCHROMAT 100x/1.4Oil). Figure S8 shows that for light at 785 nm transmission drops down to 50% already at a polar angle of 55 o and it is around 10% at 67 o . For light at 632 nm the transmission is instead around 50% at 60 o and 30% at 67 o . Additional smoothing of the transfer function might be due to the use of a simple lens for imaging in place of an achromatic doublet. This is consistent with the fact that the objective is meant for use in the visible and that the emission at 785 nm is at the edge of its working range.
The two curves are obtained by illuminating the objective with an almost plane wave and by imaging the BFP while focusing the light on a flat mirror. The response function is evaluated as the square root of the experimental data, as in this case the light goes through the objective twice. Such estimate for the objective response function, although rough, justifies the drop of signal we experienced for angles higher than 50 o .
The optimal way to measure the response function would require an isotropic point-like source positioned at the place of the sample, which is not obvious to make. We decided not to apply the correction related to the response function of the objective and only recall it in the main text, because the curve we obtained shows systematic coherence-induced ripples, which would affect the results in a not correct way. It was not possible to obtain such characteristic curve from Zeiss. 
